Conversion Factors
International System of Units to Inch/Pound Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as °F = (1.8 × °C) + 32
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as °C = (°F -32) / 1.8
Altitude, as used in this report, refers to distance above sea level. Bedrock mapping represents a regional synthesis of geologic data compiled and published over the past quarter century and necessarily includes both simplification and expansion of previously published data with respect to the adopted stratigraphic nomenclature and aerial depiction of map units and faults. Regional and local unit nomenclature is constrained by reference to recently published and previously unpublished 40 Ar/ 39 Ar age determinations on Neogene volcanic deposits-the primary Cenozoic stratigraphic markers in the map area. Map unit descriptions rely heavily on previously published data and are simplified to embody the dominant characteristics of map units particularly where units depicted on larger-scale maps were combined for inclusion in this 1:100,000-scale map. Fault depictions are largely simplified and reflect our interpretation of the most regionally significant and better-exposed structures. Inferred faults that were previously mapped, particularly those buried beneath younger surficial deposits in the San Luis Valley, typically have large locational uncertainties and are poorly dated. Consequently, depiction of these buried faults on this map compilation is minimized ( fig. 3 ; map sheet).
Divisions of Quaternary, Neogene, and Paleogene Time Used in This Report

Introduction
The Alamosa 30´ × 60´ quadrangle is located in the central San Luis Basin of southern Colorado and is bisected by the Rio Grande having headwaters in the San Juan Mountains of Colorado and ultimately discharging into the Gulf of Mexico more than 3,000 kilometers (km) downstream. Alluvial floodplains and associated deposits of the Rio Grande and east-draining tributaries, La Jara Creek and Conejos River, occupy the north-central and northwestern part of the map area. Alluvial deposits of west-draining Rio Grande tributaries, Culebra and Costilla Creeks, bound the Costilla Plain in the south-central part of the map area. The San Luis Hills, a northeast-trending series of flat-topped mesas and hills, dominate the landscape in the central and southwestern part of the map and preserve fault-bound Neogene basin surfaces and deposits. The Precambrian-cored Sangre de Cristo Mountains rise to an elevation of nearly 4,300 meters (m), almost 2,000 m above the valley floor, in the eastern part of the map area. In total, the map area contains deposits that record surficial, tectonic, sedimentary, volcanic, magmatic, and metamorphic processes over the past 1.7 billion years ( fig. 1 ; map sheet).
The mapped distribution of units is based primarily on interpretation of U.S. Geological Survey (USGS) 1:40,000-scale, black-and-white, aerial photographs; U.S. Department of Agriculture color orthoimagery (http://www.fsa.usda.gov/FSA/ apfoapp?area=home&subject=prog&topic=nai); 2012 DigitalGlobe GeoEye satellite imagery (http://www.digitalglobe.com/ resources/satellite-information); 1:24,000-scale USGS topographic maps and associated shaded-relief imagery; and, limited use of USGS lidar imagery (http://lidar.cr.usgs.gov/index.php). This geologic map compilation is based, in part, on previous mapping as indicated on the index ( fig. 2 ; map sheet) to sources of geologic data, and reflects varying degrees of new synthesis Figure 2. Index to geologic map data sources used in map compilation. For U.S. Geological Survey, publications the publication number, author(s), and year of publication are shown. For non-USGS publications, the State agency, author, and publication year are shown.
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Colorado Geological Survey (Kirkham and others, 2005) OF-04-08 Colorado Geological Survey (Kirkham and others, 2004) OF-03-15 Colorado Geological Survey (Kirkham and others, 2003) OFR 2007-1428 (Fridrich and Kirkham, 2007) SIM 2963 (Machette and others, 2008) OFR 2007-1074 ( Thompson, Machette, and Drenth, 2007) I-1906 (Thompson and Machette, 1989) MF-2294 (Lindsey, 1996) OFR 02-06 (Kirkham and Heimsmoth, 2002) MF-2312-C (Wallace, 1996) MF-2312-A (Wallace and Lindsey, 1996) SIM 2965 (Wallace and Machette, 2008) MF-2312-B (Wallace and Soulliere,1996) OFR 2005-1392 (Machette and Thompson, 2005) OFR 2008-1124 MF-2282 (Lindsey, 1995b) MF-2283 (Lindsey, 1995a) Post-thrust faults of indeterminate age are depicted in green with sense of oblique-slip displacement indicated by green arrows. Cenozoic extension-related faulting of the basin includes numerous dip-slip faults reflecting down-to-east or down-towest displacement basinward of the numerous range-bounding faults of the Sangre de Cristo fault zone (solid black lines with bar and ball on downthrown side of fault). Dashed faults indicate faults or fault zones of Oligocene to Miocene age and are inferred based on geologic constraints exposed in adjacent bedrock or geophysical constraints. The location of the Manassa fault zone is derived from Drenth and others (2011) . The Fairy Hills fault zone coincides with a zone of extensive hydrothermal alteration and mineralization exposed on the east side of South Piñon Hills, Piñon Hills and the Flat Top mesas west of the fault zone. The Fairy Hills are deeply incised remnants of altered Miocene and Oligocene volcanic deposits exposed along the Rio Grande near the Colo. Hwy 142 bridge crossing. The down-to-east sense of fault displacement is inferred from offset deposits of preserved Hinsdale lavas (Th) of Oligocene age on mesas west of the Rio Grande and in the Brownie Hills east of the Rio Grande, and is supported by geophysical modeling of Drenth and others (2013) . Black triangles, mountain peak. 
DESCRIPTION OF MAP UNITS SURFICIAL DEPOSITS
The surficial units on this map are informal allostratigraphic units of the North American Stratigraphic Code (North American Commission on Stratigraphic Nomenclature, 1983) and are known or estimated to be at least 1 m thick. Many of these deposits are poorly exposed. Consequently, thickness determinations are often estimates or approximations. Age assignments for surficial deposits are based chiefly on: (1) the relative heights above modern streams or channels of ephemeral streams; (2) topographic relationships with other surficial deposits; and (3) to a lesser extent, relative degree of erosional modification of original (depositional) surface morphology. Soil-horizon designations are those of the Soil Survey Staff (1999) and Birkeland (1999) . Stages of secondary calcium soil-carbonate morphology used in the descriptions are those of Machette (1985) . Grain or particle sizes of surficial deposits are based on field estimates, using the modified Wentworth scale (American Geological Institute, 1982) . He surface-exposure dating of relict beach boulders on unit suggest that the lake overflowed through the San Luis Hills at about 430 ka (Machette and others, 2007, 2013) . Exposed thickness commonly 2-20 m QTla Alamosa Formation of Siebenthal (1910) (middle Pleistocene to Pliocene)-Closed-basin lacustrine deposits related to alternating, climatically driven shallow-and deep-water phases of ancient Lake Alamosa. Unit is characterized by thick clay (and probably silty clay) beds and thin sand beds in the deeper parts of the lake basin near the town of Alamosa and along the eastern margin of the basin, and by clay, silt, and sand beds in shallower parts of the basin, which are interstratified with deposits of fluvial sand and gravel near former shorelines. Unit contains a bed of Bishop ash at Hansen Bluff others, 1985, 1992) , about 13 km southeast of Alamosa, which has a 40 Ar/
ARTIFICIAL-FILL DEPOSITS
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Ar mean age of 759±2 ka (Sarna-Wojcicki and others, 2000) . Strongly developed calcic soils and 3 He surface-exposure dating suggest that the lake overflowed through the San Luis Hills at about 430 ka (Machette and others, 2007, 2013) . Maximum thickness about 400 m (Siebenthal, 1910) or possibly greater than 550 m near the eastern margin of the San Luis Valley (Huntley, 1979) ; much thinner along and near former shorelines
ALLUVIAL DEPOSITS
Qaa
Channel alluvium (late Holocene)-Consists chiefly of coarse sand and pebble to smallcobble gravel in modern and recently active stream channels that are incised into older alluvial deposits. Top of unit has well-preserved depositional morphology and commonly is at or just above modern stream level. Unit locally includes minor deposits of floodplain alluvium (Qfp); locally may include small deposits of younger alluvium (Qay) and young alluvium, undivided (Qau). Thickness unknown; possibly 1-5 m Qa Channel and floodplain alluvium, undivided (Holocene)-Silty clay, silt, sand, and pebble to small-cobble gravel. Unit is composed of deposits of channel alluvium (Qaa) and floodplain alluvium (Qfp) that are too small to show separately at map scale. Unit Qa locally includes unmapped deposits of sheetwash alluvium and small deposits of younger alluvium (Qay). Terrace surfaces 1-10 m above modern streams (table 1) . Thickness unknown; possibly 1-5 m Qau Young alluvium, undivided (Holocene and late Pleistocene)-Silty clay and silt to cobbly pebble gravel. Unit is composed chiefly of deposits of units Qa and Qay, and locally includes unmapped deposits of unit Qac along and near valley sides, and deposits of sheetwash alluvium. Deposits locally consist of fill or partly fill stream channels and locally underlie floodplains and low terraces that are <1-10 m above modern streams (table 1) (Thompson and Machette, 1989) . Unit locally includes deposits of glacial outwash deposited in glaciated valleys during the Pinedale glaciation, deposits of units Qaa and Qfp along and near minor streams, and deposits of unit Qac along and near valley sides; these included deposits that are too small to show at map scale. Unit also locally includes unmapped deposits of sheetwash alluvium, and may include deposits of young alluvium, undivided (Qau). Thickness 5-10 m along the Rio Grande; unknown elsewhere Qai Intermediate alluvium (late and middle Pleistocene)-Fluvial sand and gravel beneath terrace surfaces, at one and locally at two levels, that are 2-5 and 25-60 m above modern streams (table 1) depending on proximity to major stream and active Quaternary faults. Unit commonly has moderately developed surface soils with Bt and Bk horizons. Bk horizons have stage II to III carbonate morphology. Soil morphology suggests that unit Qai was deposited during the Bull Lake glaciation (Thompson and Machette, 1989) . Unit locally includes unmapped deposits of glacial outwash deposited in glaciated valleys during the Bull Lake glaciation and unmapped deposits of unit Qac along and near valley sides, and deposits of sheetwash alluvium. Unit locally may include deposits of unit Qao.
Thickness 5-10 m along the Rio Grande; unknown elsewhere Qao Older alluvium (middle Pleistocene)-Fluvial sand and gravel beneath alluvial surfaces that are 5-120 m above modern streams (table 1) depending on proximity to major stream and active Quaternary faults. Unit commonly has strongly developed surface soils with thick, clayey, reddish-brown Bt horizons above Bk and K horizons with stage III to IV carbonate morphology, respectively. Unit predates or mostly predates shoreline deposits of Lake Alamosa (Qlas). About 3 km northeast of San Luis, unit locally overlies a bed of Lava Creek B ash near the eroded top of unit QTsf (Machette and others, 2008) . Lava Creek B ash has a 40 Ar/ 39 Ar mean age of 639±2 ka (Lanphere and others, 2002) . Unit may have been deposited during one or more pre-Bull Lake glaciations that occurred after 640 ka. Unit locally includes unmapped deposits of unit Qac and deposits of sheetwash alluvium, and locally may include deposits of unit Qai as well as glacial outwash of pre-Bull Lake age. Thickness at least 10 m along the Rio Grande and Culebra Creek; unknown elsewhere (Benedict, 1973; White, 1976) . Ice-cemented rock glaciers likely formed under periglacial conditions (Barsch, 1987) , whereas ice-cored rock glaciers probably are debris-covered glaciers (Janke, 2007) . Rock fragments on and within rock-glacier deposits are derived from steep slopes chiefly by rockfall and locally by sliding and avalanche. Unit locally may include minor talus deposits (Qta) displaced by post-depositional creep or flowage, colluvium (Qc), other mass-movement deposits, and possibly till of Pinedale age (Qtp). Many of the rock-glacier deposits in Colorado are of latest Pleistocene or early Holocene age (Meierding and Birkeland, 1980) . Thickness unknown; possibly locally as much as 50 m Till (late and middle Pleistocene)-Mostly non-sorted and non-stratified, subangular to subrounded boulders to granules in a sand, silty sand, or slightly clayey, silty sand matrix deposited by glaciers in glaciated valleys above an elevation of about 2,750 m. Terminal moraines near the down-valley limit of glaciation may be composed, in part, of outwash sand and gravel. Deposits on the western flanks of the Sangre de Cristo Mountains and Culebra Range are rich in clasts composed chiefly of gneiss derived from Paleoproterozoic crystalline bedrock, whereas deposits on the eastern flank commonly are rich in clasts of terrestrial sedimentary rocks derived from the Sangre de Cristo Formation (P*s), and also locally contain clasts of marine and non-marine sedimentary rocks of the Madera Formation (*m) (Nelson and others, 1979; Madole, 1986; Schildgen and Dethier, 2000; Benson and others, 2004 Benson and others, , 2005 Benson and others, , 2007 , although some deposits may be correlative with an early advance of Pinedale ice in the northern Yellowstone area at about 34-47 ka (Sturchio and others, 1994) or with an earliest Pinedale advance at about 50-70 ka at McCall, Idaho, and in the Wind River Range near Lander, Wyo. (Dahms, 2004; Pierce and others, 2011) . Thickness unknown; possibly 2-30 m Qtb Till of Bull Lake age (late and middle Pleistocene)-Unit commonly forms prominent lateral moraines that have rounded crests beyond the outer limit of till of Pinedale age (Qtp). Undrained depressions are uncommon. Surface soils formed in till of Bull Lake age derived chiefly from Paleoproterozoic crystalline bedrock, probably have moderately developed Bt horizons. Soils formed in till of Bull Lake age derived chiefly from Paleozoic sedimentary bedrock, probably have moderately developed or well-developed Bt horizons. Unit probably locally includes stratified drift deposited by glacial meltwater, till of Pinedale age (Qtp), colluvium (Qc), and other mass-movement deposits; locally may include till of pre-Bull Lake age and small areas of bedrock near the down-valley limit of glaciation. K- Ar and 230 Th/U analyses for correlative deposits in Wyoming suggest that till of Bull Lake age is about 120-170 ka (Sharp and others, 2003; Pierce, 2004) .
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Be ages for the West Yellowstone glacial system yield a mean age of 136±13 ka and oldest ages of about 151-157 ka (Licciardi and Pierce, 2008 Thompson and others (2013) report 40 Ar/ 39 Ar age determinations as old as 5.2 Ma for lavas at the base of the exposed Servilleta Basalt section. Near the border with New Mexico in the southern part of the map area, thicknesses in the gorge are approximately 40 m; base not exposed Toa Olivine andesite (Pliocene)-Vesicular to massive, thin flows of dark-gray to black, sparsely to moderately porphyritic andesite containing olivine phenocrysts and moderately to highly flattened vesicles. Preserved as flow remnants beneath Servilleta shield volcano 4 km west of the Rio Grande in the southern part of the map area and forms an isolated shield volcano (Volcano de la Culebra of Burroughs, 1972) at the confluence of the Rio Grande and Culebra Creek. 40 Ar/ 39 Ar analysis of groundmass concentrate yielded an apparent age of 5.19±0.11 Ma (sample SLH501; table 2) from a lava flow exposed along the Rio Grande. Thickness 10-45 m, base not exposed Tbb Basaltic andesite of San Pedro Mesa (Miocene)-Dark-gray, fine-grained, basaltic andesite lava flows, associated breccia, and near-vent reddish-brown pyroclastic deposits. Contains small olivine phenocrysts that are typically partly altered to iddingsite, and locally minor xenocrysts of quartz and feldspar. Typically caps hills that rise above the surrounding plains of Servilleta Basalt (Tsb) of San Pedro Mesa and fills paleovalleys cut into the underlying andesite and dacite (Tba). Interbedded with sediments of the lower part of Santa Fe Group (Tsf). 40 Ar/ 39 Ar analysis of groundmass concentrate yielded an apparent age of 10.61±0.11 Ma (sample SR7; table 2). Thickness 110 m, base not exposed Tb Basaltic andesite and trachyandesite, undivided (Miocene)-Light-to dark-gray porphyritic basalt and trachyandesite flows, flow breccias, and agglutinate. Basaltic rocks contain phenocrysts of olivine (typically altered to iddingsite), pyroxene and plagioclase; more evolved trachyandesite compositions contain pyroxene and plagioclase phenocrysts and subordinate amounts of hornblende and Fe-Ti oxides. Locally interbedded with sediments of the Santa Fe Group (Tsf). 40 Ar/ 39 Ar analysis of groundmass and mineral concentrates from a lava flow yielded apparent ages ranging from about 15 to 11 Ma (Miggins, 2002; Miggins and others, 2002; Kirkham and others, 2004) . Thickness approximately 300 m Tba Andesite and dacite of San Pedro Mesa (Miocene)-Light-gray to light-brown porphyritic andesite to dacite lava flows and flow breccias preserved in the south-central part of San Pedro Mesa. Phenocrysts of pyroxene, hornblende, and plagioclase are common, with lesser amounts of biotite, Fe-Ti oxides, and minor quartz. Phenocrysts vary considerably in size and proportion within map unit. 40 Ar/
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Ar analysis of groundmass concentrates from a lava flow yielded an apparent age of 13.4±0.08 Ma (sample SR1; table 2). This unit may be broadly correlative with unit Tb in the Culebra Range to the east. Thickness 50 m Th Hinsdale Formation (Oligocene)-Basaltic lava, associated breccia, and near-vent pyroclastic deposits. Includes fine-grained silicic alkali-olivine basalt, basaltic andesite, tholeiitic basalt and minor andesite and xenocrystic basaltic andesite. Sparse small olivine phenocrysts partly altered to iddingsite are typical, and xenocrysts of quartz and feldspar are locally abundant. Typically forms flat-topped hills and mesas that are buried channels cut into unit Tcl in the San Luis Hills. K-Ar whole rock ages range from 26.4 to 25.7 Ma (Thompson and others, 1991 Ar analysis of sanidine concentrates yielded an apparent age of 29.6±0.1 Ma, (Wallace, 1996) and is at least temporally related, if not correlative with, early outflow facies from the Platoro caldera to the west in the San Juan Mountains. Lava flows are typically thin and discontinuous, but can be locally massive in dacite flows. Laharic breccias are brown with cobble-to boulder-size, angular to subrounded clasts and variable amounts of interstitial matrix. Volcaniclastic rocks are light brown to gray and are interbedded with massive to thinly laminated, poorly to well-sorted sediments. Thickness approximately 225 m Tvl Volcanic lahar and breccia deposits (Oligocene)-Predominantly monolithologic andesite breccias, associated lava flows, and discontinuous volcaniclastic rocks exposed in the Culebra Range. Breccia is brown with angular to subrounded boulder-size clasts and variable amounts of interstitial matrix. Volcaniclastic rocks are light brown to gray interbedded with massive to thinly laminated, poorly to well-sorted sediment; laterally continuous volcaniclastic unit near middle of volcanic section contains abundant pumice and lithic clasts and forms massive, subrounded to thinly bedded outcrops. May be about 30 Ma, and, in part, age equivalent to the Conejos Formation (Tcu and (or) (Kirkham and others, 2005) . Locally includes volumetrically minor andesite dikes containing pyroxene and plagioclase phenocrysts in a microcrystalline groundmass and a medium gray (devitrified) to black (vitrophyric) welded ash-flow tuff dike and an extrusive welded ash-flow tuff, about 1 km south and 6 km southeast of large stock, respectively. These tuffs are petrographically indistinguishable having phenocrysts of plagioclase and acicular hornblende in a microcrystalline to glassy groundmass. Ar determinations from mineral separate concentrates yielded apparent ages ranging from 25 to 22 Ma (Penn and Lindsey, 1996; Miggins, 2002 Tdi Tiq Quartz monzonite (Oligocene)-Gray to light tan, fine-to medium-grained quartz monzonite; equigranular to slightly porphyritic; contains potassium feldspar, plagioclase, quartz, variably altered biotite, iron-titanium oxides, and minor clinopyroxene. Locally includes one small stock that comprises gray, equigranular, medium-grained diorite containing plagioclase, clinopyroxene, olivine, and iron-titanium oxides. Aplite dikes commonly intrude the stocks. Present in several areas as steep-sided stocks along north-trending belt in the San Luis Hills (Thompson and Machette, 1989) . 40 Ar/
Ar age determinations on biotite yield an apparent age of 29.3±0.3 Ma (sample SLH510; table 2)
PALEOGENE SEDIMENTARY ROCKS
Tcs
Conglomerate and sandstone (Oligocene?)-Dark maroon to red, poorly sorted, strongly iron-stained conglomerate and sandstone that are locally exposed in the western Sangre de Cristo Mountains. Unit previously mapped by Wallace and Lindsey (1996) , and Wallace and Soulliere (1996) as the Vallejo Formation of Upson (1941) . Rounded clasts in the conglomerate were derived chiefly from Paleozoic and Proterozoic rocks, although some deposits are composed almost entirely of Proterozoic gneiss and quartzite clasts. Subangular boulders, as large as 2 m in diameter, are locally exposed near the base. Unit may correlate with a boulder conglomerate (clasts 1-3 m diameter) exposed beneath volcanic rocks along the western margin of San Pedro Mesa (unit Tvl of Thompson, Machette, and Drenth, 2007) where the boulder conglomerate contains volcanic clasts dominated by lithic-rich, moderately welded ash-flow tuff. Tuff clasts are likely derived from Treasure Mountain Group deposits (29.5-28.5 Ma) associated with recurrent subsidence at the Platoro caldera complex in the southeastern San Juan Mountains (Lipman, 1975 (Lipman, , 2006 Dungan and others, 1989 (Lindsey, 1995a,b; Wallace and Lindsey, 1996; Fridrich and Kirkham, 2007) . Maximum thickness >4,000 m *m Madera Formation (Middle Pennsylvanian) and Sandia Formation (Middle and Lower Pennsylvanian), undivided-Thick sequence of marine and non-marine rocks consisting of multiple stratigraphic sequences composed of terrestrial conglomerates, sandstones, and siltstones alternating with marine limestone and black shale. From top to bottom, includes Whiskey Creek Pass Limestone Member of Madera Formation of Brill (1952) and subjacent calcareous beds, arkose member (arkosic limestone member of Madera Formation of Brill, 1952) , and gray limestone member of Madera Formation and Sandia Formation (Lindsey, 1995a,b; Wallace and Lindsey, 1996) . Maximum thickness about 1,700 m
LOWER PALEOZOIC OR NEOPROTEROZOIC INTRUSIVE IGNEOUS ROCKS
PzZg Gabbro dikes and intrusive bodies (early Paleozoic? or Neoproterozoic?)-Dikes and larger intrusive bodies composed of non-foliated pyroxene gabbro that cut foliated Paleoproterozoic rocks but not Middle Pennsylvanian sedimentary rocks, such as the Madera, Sandia, and Sangre de Cristo Formations. Dikes also shown as lines on map where extent or configuration of unit cannot be portrayed as a polygon
PALEOPROTEROZOIC METAIGNEOUS AND METASEDIMENTARY ROCKS
Xp Pegmatite-Granitic pegmatite and lesser aplite exposed as dikes, sills, and irregular masses, most of which are smaller than 1 km 2 in area. Only mapped along the western edge of the Sangre de Cristo Mountains, in the eastern part of the map area (Fridrich and Kirkham, 2007 
